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A B S T R A C T :  T h e  i n c r e a s e  i n  g l o b a l  t r a d e  a l l o w s  p a c k a g e d  p r o d u c t s  
t o  b e  s h i p p e d  a c r o s s  b o r d e r s  u s i n g  i n t e r - m o d a l  t r a n s p o r t a t i o n .  
T r u c k s  a r e  s t i l l  t h e  m o s t  p r e v a l e n t  m o d e  f o r  s u r f a c e  s h i p m e n t s  a n d  
t i m e  s e n s i t i v e  t r a n s p o r t  p e r i s h a b l e  p r o d u c t s  s u c h  a s  f r e s h  p r o d u c e .  
T h i s  s t u d y  f o c u s e d  o n  m e a s u r i n g  t h e  t r a n s p o r t a t i o n  e n v i r o n m e n t  i n  
t r u c k  s h i p m e n t s  f r o m  v a r i o u s  p a c k i n g  h o u s e s  t o  m a j o r  r e t a i l  d i s t r i b u ­
t i o n  c e n t e r s  i n  T h a i l a n d  a n d  t h e n  t h e  s u b s e q u e n t  d i s t r i b u t i o n  t o  r e ­
g i o n a l  s t o r e s  i n  s m a l l e r  t r u c k s .  T e s t  m e a s u r e m e n t s  w e r e  c o m p a r e d  t o  
t e s t  m e t h o d s  u s e d  i n  N o r t h  A m e r i c a  a n d  E u r o p e .  T h i s  s t u d y  c o m ­
p a r e d  t h e  q u a l i t y  o f  c a b b a g e ,  l e t t u c e ,  p l u m s  a n d  p e a r s  a f t e r  b e i n g  
s h i p p e d  i n  t r u c k  t r a n s p o r t  b y  q u a n t i f y i n g  t h e  l e v e l  o f  b r u i s e s  a n d  c u t s  
o n  f r u i t .  
1 . 0  I N T R O D U C T I O N  
T
H E  e f f e c t s  o f  s h o c k  a n d  v i b r a t i o n  c a u s e d  d u r i n g  s h i p p i n g  c a n  r e s u l t  
i n  s e r i o u s  p r o d u c t  d a m a g e .  F r e s h  p r o d u c e  ( f r u i t s  a n d  v e g e t a b l e s )  
a r e  e x t r e m e l y  s e n s i t i v e  t o  a n y  p h y s i c a l  o r  c l i m a t i c  c h a n g e s  a f t e r  b e i n g  
h a r v e s t e d  a n d  d u r i n g  t r a n s p o r t a t i o n  a n d  h a n d l i n g  f r o m  t h e  f i e l d s  t o  u l t i ­
m a t e  p u r c h a s e d  b y  t h e  c o n s u m e r  a t  a  r e t a i l  s t o r e .  S h i p p i n g  a n d  h a n d l i n g  
 
c a n  c a u s e  v a r i o u s  f o r m s  o f b r u i s e s  a n d  c u t s  o n  t h e  f r e s h  f r u i t  o r  v e g e t a b l e  
w h i c h  c o m p r o m i s e s  i t s  q u a l i t y ,  a e s t h e t i c  a p p e a l  a n d  r e d u c e s  i t s  e c o ­
n o m i c  v a l u e  t o  t h e  g r o w e r  a n d  r e t a i l e r .  T h e r e  a r e  v a r i o u s  m o d e s  o f t r a n s ­
p o r t a t i o n  i n  t h e  g r o w i n g  i n t e r n a t i o n a l  t r a d e  t h a t  r e q u i r e s  i n t e r - m o d a l  
s h i p m e n t s  o v e r  l a n d ,  s e a  a n d  a i r .  H o w e v e r ,  t r u c k s  a r e  s t i l l  t h e  m o s t  p r e v ­
* A u t h o r  t o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  E m a i l : s i n g h @ m s u . e d u  
J o u r n a l  o f  A p p l i e d  P a c k a g i n g  R e s e a r c h ,  V o l .  3 ,  N o .  1 - J a n u a r y  2 0 0 9  2 7  
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alent mode for surface shipments and time sensitive transport perishable 
products such as fresh produce. This is also attributed to the fact that 
trucks are used in most cases as the first mode of transportation from the 
field or packing house to the retail distribution center. 
Distribution data is therefore a significant factor in designing opti­
mum product package systems. The dynamic levels measured in actual 
shipments can also be used to develop test methods to better simulate the 
shipping environment and avoid product quality loss or value at sales. 
The primary objective of this study was to measure and analyze the 
distribution environment during truck transportation of fresh produce 
shipments in Thailand. The distribution measurement was focused on 
the major fresh produce regions to retail distribution centers and then 
downstream distribution to retail stores. In addition the amount of dam­
age to the produce was also measured. Four different fresh produce 
items including cabbage, lettuce, pears and plums were shipped and 
monitored. In addition the measured vibration levels were compared to 
vibration data used in western countries to simulate truck transport envi­
ronments. 
Figure 1. Thailand map indicating truck transportation routes investigated. 
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T a b l e  1 .  T r u c k  S h i p m e n t  R o u t e s  S t u d i e d .  
R o u t e  D i s t a n c e  ( k m )  
T r u c k  N a t i o n a l  H i g h w a y  ( N H )  
B a n g k o k - C h i a n g  M a i  ( N o r t h )  
1  7 0 0  
B a n g k o k - M u k d a h a n  ( N o r t h - E a s t )  2  6 4 2  
B a n g k o k - C h a n t h a b u r i  ( E a s t )  3  2 4 5  
B a n g k o k - S o n g k h l a  ( S o u t h )  4  
9 5 0  
T h a i l a n d  i s  t h e  w o r l d ' s  l e a d i n g  f r u i t s  a n d  v e g e t a b l e s  p r o d u c e r  a n d  e x ­
p o r t e r .  T h e  p r i m a r y  c a u s e  o f  p r o d u c e  l o s s  i s  p h y s i c a l  d a m a g e ,  a t t r i b u t e d  
t o  v i b r a t i o n  f o r c e s  d u r i n g  h a n d l i n g  a n d  t r a n s p o r t a t i o n .  T h e  m o s t  c o m ­
m o n  m e t h o d  f o r  s h i p p i n g  p r o d u c e  i n  m a n y  c o u n t r i e s ,  i n c l u d i n g  T h a i ­
l a n d  i s  t r u c k  t r a n s p o r t a t i o n .  R e u s a b l e  p l a s t i c  c o n t a i n e r s  ( R P C )  a r e  c o m ­
m o n l y  u s e d  t o  p a c k a g e  t h e  p r o d u c e  f o r  d o m e s t i c  s h i p p i n g .  T h e  d a t a  i n  
t h i s  s t u d y  r e p r e s e n t s  t h e  m a j o r  r o u t e s  o f  p r o d u c e  d i s t r i b u t i o n  i n  T h a i l a n d  
f r o m  t h e  g r o w e r s  t o  t h e  d i s t r i b u t i o n  c e n t e r s ,  a n d  t h e n  o n t o  r e t a i l e r s  ( F i g ­
u r e  I  a n d  T a b l e  1 ) .  
2 . 0  V I B R A T I O N  D A T A  M E A S U R E M E N T  A N D  A N A L Y S I S  
T h e  s t u d y  m e a s u r e d  v i b r a t i o n  l e v e l s  i n  v a r i o u s  t r u c k  s h i p m e n t s  f r o m  
v a r i o u s  r e g i o n s  o f  T h a i l a n d .  A  m o r e  c o m p r e h e n s i v e  p a p e r  o n  t h i s  t o p i c  
h a s  b e e n  p r e p a r e d  t h a t  d i s c u s s e s  b o t h  t r u c k  a n d  r a i l  s h i p m e n t s .  T h e  
S h o c k  a n d  V i b r a t i o n  E n v i r o n m e n t a l  R e c o r d e r  ( S A V E R )  M o d e l  3 X 9 0  
d e v e l o p e d  b y  L a n s m o n t ,  C o r p .  ( M o n t e r e y ,  C A ,  U S A )  w a s  u s e d  t o  q u a n ­
t i f y  v i b r a t i o n  l e v e l s  ( F i g u r e  2 ) .  T h e  S A V E R  c o n s i s t s  o f  a  p i e z o e l e c t r i c  
F i g u r e  2 .  S A V E R  m o d e l  3 X 9 0  ( L a n s m o n t ,  C o r p . ) .  
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Figure 3. Various trucks used in the vibration measurement study (a)-(d). 
tri-axial accelerometer, and is a battery powered instrument that mea­
sures shock (impact/drop), vibration, temperature, and humidity condi­
tions that occur during shipping and handling. The recorders were 
mounted on platform base, at the rear floor position. This location pro­
duces the highest vertical vibration measurement. 
Figure 3 shows the different types of leaf spring trailers used in the dif­
ferent sections of fresh produce distribution. Figure 4 shows the differ­
ent road conditions that packaged fresh produce is shipped on from the 
farm to the final retail shelves. 
To measure the vibration levels in the various sections of the distribu­
tion environment, the following settings were used on the SAVER's for 
the present study: 
• Minimum time triggered sampling: 10 min 
• Trigger threshold level: 2.4 G 
• Minimum sampling rate: 500 samples per second 
• Minimum recording window: 2.048 sec 
• Sample size: 1024 
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2 . 1  D a t a  C o l l e c t i o n  
T h e  t r u c k  s h i p m e n t s  i n  t h i s  s t u d y  w e r e  c o n d u c t e d  o n  t h e  m a j o r  d i s t r i ­
b u t i o n  r o u t e s  i n  t h e  c o u n t r y .  T h e  d e t a i l s  o f t h e  t r u c k  s h i p m e n t s  r o u t e s  a r e  
d e s c r i b e d  i n  T a b l e  2 .  T h e  s p e e d s  o f  t h e  m e a s u r e d  t r u c k s  w e r e  i n  t h e  
r a n g e  o f  3 0 - 9 0  k m / h ,  w h e r e  t h e  a v e r a g e  s p e e d  o n  t h e  g o o d  r o a d  c o n d i ­
t i o n s  w a s  8 0 - 9 0  k m / h ,  w h i l e  o n  t h e  p o o r  r o a d  c o n d i t i o n s  ( m o s t l y  
t w o - l a n e  r o a d s )  w a s  3 0 - 4 0  k m / h .  T r u c k  s h i p m e n t  r o u t e s  m e a s u r e d  i n  
t h i s  s t u d y  a r e  s h o w n  i n  F i g u r e  1 .  T h e  v i b r a t i o n  d a t a  w a s  a n a l y z e d  u s i n g  
t h e  S a v e r X w a r e  s o f t w a r e  ( L a n s m o n t  C o r p o r a t i o n ,  M o n t e r e y ,  C A ,  
U S A ) .  
2 . 2  D a t a  A n a l y s i s  
T h e  r e c o r d e d  a c c e l e r a t i o n  a m p l i t u d e s  i n  t h e  r a n d o m  v i b r a t i o n  w e r e  
a n a l y z e d  a s  a  f u n c t i o n  o f  f r e q u e n c y  t o  d e t e r m i n e  t h e  p o w e r  d e n s i t y  ( P O )  
F i g u r e  4 .  V a r i o u s  r o a d  c o n d i t i o n s  m e a s u r e d  i n  t h i s  s t u d y .  
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l e v e l s .  T h e  a v e r a g e  P D  w i t h i n  a  n a r r o w  b a n d  o f  f r e q u e n c i e s  o f  t h e  s p e c ­
t r u m  i s  c a l c u l a t e d  a s  f o l l o w s :  
1  n  
P D = - L ( R M S  G f ) /  N  
B W  i = 1  
w h e r e  R M S  G
i  
i s  t h e  r o o t  m e a n  s q u a r e  a c c e l e r a t i o n  v a l u e m e a s u r e d  i n  g  
w i t h i n  a  b a n d w i d t h  ( B W )  o f  f r e q u e n c i e s ,  a n d  N  i s  t h e  n u m b e r  o f i n s t a n t s  
s a m p l e d .  T h e  c o r r e s p o n d i n g  P D  l e v e l s  a r e  t h e n  p l o t t e d  a g a i n s t  t h e  f r e ­
q u e n c y  o f  t h e  b a n d w i d t h  t o  d e v e l o p  t h e  p o w e r  s p e c t r u m  d e n s i t y  ( P S D )  
p l o t .  
T h e  P S D  p l o t  i s  t h e  v a r i a t i o n  o f t h e  v i b r a t i o n  m a g n i t u d e s  a s  a  f u n c t i o n  
o f f r e q u e n c i e s .  D a t a  a r e  p r e s e n t e d  f r o m  1 t o  1 0 0  H z  s i n c e  t h i s  f r e q u e n c y  
b a n d  i s  t h e  m o s t  a c c o u n t a b l e  i n  c a u s i n g  p a c k a g e / p r o d u c t  d a m a g e  d u r i n g  
t r a n s p o r t a t i o n .  A v e r a g e  p o w e r  d e n s i t y  s p e c t r a  o f  t h e  t r a n s p o r t  v i b r a t i o n  
m e a s u r e m e n t  s t u d i e d  w e r e  c o m p u t e d  a n d  a r e  p r e s e n t e d  s i m i l a r  t o  p r e v i ­
o u s  s t u d i e s
l
.  
2 . 3  P r o d u c e  D a m a g e  
V i b r a t i o n  d u r i n g  t r u c k  s h i p m e n t s  h a s  b e e n  k n o w n  t o  b e  a  c r i t i c a l  c a u s e  
o f  p r o d u c e  d a m a g e  a n d  l o s s  d u e  t o  b r u i s i n g  a n d  c u t t i n g .  E f f e c t  o f  v i b r a ­
t i o n  o n  m e c h a n i c a l  d a m a g e  o f  s e v e r a l  f r u i t s  a n d  v e g e t a b l e s  s u c h  a s  a p ­
p l e s
2
,  p e a r s
3
,  p e a c h
4
h a s  b e e n s t u d i e d b e f o r e i n d i f f e r e n t r e g i o n s .  T h e e f ­
f e c t  o f  v i b r a t i o n  l e v e l s  a n d  r o a d  c o n d i t i o n s  o n  d a m a g e  t o  p a c k a g e d  
t a n g e r i n e s  d u r i n g  t r u c k  s h i p m e n t s  i n  T h a i l a n d  w a s  a l s o  i n v e s t i g a t e d  b y  
J a r i m o p a s  e t  a l .
5  
T h e  p r o d u c e  d i s t r i b u t i o n  n e t w o r k  f o r  t h e  R o y a l  P r o j e c t  
r e p r e s e n t e d  i n  t h i s  s t u d y  i s  s h o w n  i n  F i g u r e  5 .  T h e  R o y a l  P r o j e c t  h a s  a  
l a r g e  a n d  e x t e n s i v e  n e t w o r k  o f  g r o w e r s  i n  t h e  m o u n t a i n  a r e a s  i n  t h e  
n o r t h e r n  r e g i o n  o f  T h a i l a n d .  T h e r e  a r e  a  n u m b e r  o f  f r u i t  a n d  v e g e t a b l e  
p r o d u c t s  u n d e r  t h e  R o y a l  P r o j e c t  r a n g i n g  f r o m  t r o p i c a l  t o  t e m p e r a t e  p r o ­
d u c e .  T h e  t r u c k s  u s e d  f o r  p r o d u c e  p i c k - u p  f r o m  t h e  c o l l e c t i n g  c e n t e r s  i n  
t h e  m o u n t a i n  a r e a s  t o  t h e  p a c k i n g  h o u s e  i n  C h i a n g  M a i  w e r e  s i x - w h e e l  
n o n - r e f r i g e r a t e d  t r u c k s .  T o  t r a n s p o r t  p r o d u c e  f r o m  t h e  p a c k i n g  h o u s e  i n  
C h i a n g  M a i  t o  t h e  d i s t r i b u t i o n  c e n t e r  i n  B a n g k o k ,  s i x - w h e e l  r e f r i g e r a t e d  
t r u c k s  w e r e  u s e d .  P r o d u c e  w a s  t r a n s p o r t e d  t o  t h e  r e t a i l e r s  b y  t h e  4 - w h e e l  
o r  6 - w h e e l  r e f r i g e r a t e d  t r u c k s .  A l l  t r u c k s  u s e d  w e r e  a  l e a f - s p r i n g  s u s ­
p e n s i o n  t y p e .  
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Packing House 
(Chiangmai) 
Distribution Center 
(Bangkok) 
Figure 5. The produce distribution network measured in this study. 
The primary objectives of this study were as follows: 
1. To measure the vibration levels in the truck shipments of the major 
produce distribution routes in Thailand. 
2. To measure the damage levels attributed to transportation and han­
dling to various produce (cabbage, lettuce, plums and pear). 
3. To compare highway vibration levels to inner city transportation 
from distribution centers to retail stores. 
3.0 RESULTS AND DISCUSSION 
3.1 The Truck Vibration Measurement 
The average PSD plot developed for Thailand truck shipments in all 
axes is shown in Figure 6. The data for lateral and longitudinal vibra­
tions is also shown. Since produce items vary in shape from spherical to 
elliptic, the damage caused to each produce item is a combination of vi­
bration movement in all three orientations and rotational effects caused 
to the individual fruit, accompanied with dynamic compression. Figure 
7 shows the vibration power density spectrums measured from smaller 
inner city trailers used to move produce from distribution centers to re­
tail stores. These data spectrums were compared to composite vibration 
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The results in Figure 6 and 7 show that the measured vertical vibration 
levels for highway shipments were similar to that ofASTM and 1STA in 
the low-frequency range (1-5 Hz). However in the higher frequency 
range the vertical vibration levels for truck highway transport are much 
lower. These higher frequencies represent the structural response of the 
trailer and effect of speed. Vibration levels measured in the smaller vehi-
cles from distribution center (IDe) to retail stores are generally higher in 
the higher frequency regions (Figure 7). The highest vibration levels oc-
curred from the field to packing house (PH), followed by PH to DC's. 
The lowest overall vibration levels occurred between DC's to retail 
stores. Table 3 shows Grms levels for the vertical, lateral and 
longitudinal orientations. 
3.2 The Produce Distribution Study 
In addition to the vibration data, the different produce was also in-
spected for physical damage due to cuts and bruises. A bruise was identi-
fied if it measured more than I cm2 and a cut was identified to be I cm 
long with a minimum depth of 5 mm. These levels are generally known 
to make the sale of fresh produce ineffective at the desired retail price. 
The data and results from inspecting damaged produce (Figure 8) is pre-
sented in Table 4. The produce received at the retailers from the distribu-
tion center had the least damage, corresponding to the lowest vibration 
levels (Figure 7). Higher percentage and intensity of produce damage 
was observed at the packing house as compared to those at the distribu-
tion center. This was due to poor road conditions between the collecting 
center and the packing house. Bruising and cutting were shown to be the 
Table 3. Average Grms Levels for Different Truck Shipments 
for Produce Distribution. 
Spectrum Route Orientation Level (Grms) 
1 Collecting Centers- Vertical 0.238 
2 Packing House Lateral 0.106 
3 Longitudinal 0.061 
4 Packing House- Vertical 0.224 
5 Distribution Center Lateral 0.079 
6 Longitudinal 0.050 
7 Distribution Center- Vertical 0.191 
8 Retailers Lateral 0.072 
9 Longitudinal 0.054 
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F i g u r e  8 .  P h y s i c a l  d a m a g e  o f  s e l e c t e d  p r o d u c e  a f t e r  t r u c k  t r a n s p o r t a t i o n .  
p r i m a r y  c a u s e s  o f  d a m a g e .  M e c h a n i c a l  i n j u r y  i s  a  k n o w n  c a u s e  o f  r a p i d  
d e t e r i o r a t i o n  o f  p r o d u c e .  T h i s  i s  a  s i g n i f i c a n t  p a r a m e t e r  i n  p r o d u c e  
p a c k a g i n g  d e s i g n .  I t  i s  t h e r e f o r e  c r i t i c a l  t o  d e v e l o p  b e t t e r  p r o d u c e  p r o -
t e c t i v e  s o l u t i o n s  f o r  p o s t - h a r v e s t  h a n d l i n g  o f  p r o d u c e  t o  r e d u c e  t h e  
a m o u n t  o f  d o w n s t r e a m  p a c k a g i n g  m a t e r i a l s ,  a n d  r e d u c e  t h e  b u r d e n  o f  
p a c k a g i n g  m a t e r i a l s  i n  t o d a y ' s  r e q u i r e m e n t s  t o  r e d u c e  p a c k a g i n g  a n d  b e  
m o r e  s u s t a i n a b l e .  R e d u c t i o n  i n  d a m a g e  d e l i v e r s  m o r e  p r o d u c t  w i t h  l e s s  
p a c k a g i n g  i n  t h e  e n t i r e  s u p p l y  c h a i n .  
4 . 0  C O N C L U S I O N S  
•  V i b r a t i o n  l e v e l s  m e a s u r e d  i n  t r u c k  s h i p m e n t s  i n  T h a i l a n d  s h o w e d  t h e  
h i g h e s t  l e v e l s  i n  v e 1 1 i c a l  d i r e c t i o n ,  f o l l o w e d  b y  l a t e r a l  a n d  l o n g i t u d i -
n a l  o r i e n t a t i o n s .  
•   T h e  h i g h e s t  l e v e l  o f  v i b r a t i o n  o c c u r r e d  f r o m  t h e  g r o w e r  t o  p a c k i n g  
h o u s e s ,  d u e  t o  t h e  p o o r  r o a d  c o n d i t i o n s .  
•   T h e  h i g h e s t  l e v e l  o f  d a m a g e  o c c u r r e d  b e t w e e n  t h e  f r u i t s  a n d  v e g e t a -
b l e s  b e i n g  t r a n s p o r t e d  t o  t h e  p a c k i n g  h o u s e s .  
A C K N O W L E D G E M E N T S  
T h e  a u t h o r s  w o u l d  l i k e  t o  a c k n o w l e d g e  t h e  f i n a n c i a l  s U P P 0 1 1  a n d  i n -
T a b l e  4 .  P e r c e n t a g e s  L o s s  o f  V a r i o u s  P r o d u c e  A f t e r  A c t u a l  S h i p m e n t s .  
P e r c e n t a g e s  D a m a g e  
P r o d u c e  
A t  P a c k i n g  H o u s e  A t  D i s t r i b u t i o n  C e n t e r  
A t  R e t a i l e r s  
H e a d  l e t t u c e  4 5  
3 0  
1 0  
C a b b a g e  5 0  4 0  1 5  
C h i n e s e  p e a r  
3 9  2 9  
2 1  
C h i n e s e  p l u m  1 5  
1 0  5  
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